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(54) Gas generating system 



(57) A gas generating system for generating a sup- 
ply of oxygen or at least any oxygen rich gas, and a re- 
sidual gas, the system (10) including a first gas separa- 
tion device (11) for separating from a supply gas, first 
gas being oxygen enriched gas, to leave residual gas, 
means to provide the first oxygen enriched gas from the 
first gas separation device (11) to a second gas sepa- 



ration device (18) for further separating from the first ox- 
ygen enriched gas ; oxygen gas, the second gas sepa- 
ration device (18) generating product gas which is at 
least highly oxygen enriched and further residual gas, 
at least one of the first and second gas separating de- 
vices (11,18) including a ceramic membrane through 
which in use gas ions diffuse. 
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Description 

Description of Invention 

[0001] This invention relates to a gas generating sys- 
tem, and more particularly to such a system which gen- 
erates two different gases by separating the gases from 
a supply gas, which may be air. 

[0002] Oxygen generating systems are known. These 
may typically comprise a molecular sieve oxygen gen- 
erating system (MSOGS) which utilises pressure swing 
technology and a molecular sieve bed e.g. a zeolite bed, 
to adsorb nitrogen from air, thus separating oxygen from 
the nitrogen. Such MSOGS usually have two or three 
sieve beds which are cycled through on-stream/gener- 
ating and off -stream/purge cycles to permit of sequential 
purging of the sieve beds when contaminated with ni- 
trogen. Such MSOGS are capable of producing low 
pressure oxygen, to a concentration of up to 95% in the 
product gas. The nitrogen which is purged from the beds 
typically is a residual or waste gas which is exhausted. 
[0003] Molecular sieve inert gas generating systems 
(MSIGGS) have also been proposed which operate on 
a similar principle to MSOGS, but the molecular sieve 
bed adsorbs oxygen from the supply gas, so that the 
product gas is nitrogen enriched and the residual gas 
(although this may be put to an auxiliary use) is oxygen. 
[0004] Other kinds of oxygen/nitrogen generating 
systems are known, for example permeable membrane 
devices which permit a gas component in the supply 
gas, such as nitrogen to permeate through the, typically 
polymeric, membrane, the oxygen or the nitrogen en- 
riched gas being the product gas, and the nitrogen en- 
riched or the oxygen enriched gas comprising residual 
gas respectively. 

[0005] More recently it has been proposed to gener- 
ate oxygen on-board an aircraft using a ceramic mem- 
brane oxygen generating device (COG). Such devices 
operate on the principle that certain ceramic materials 
which are ionic conductors of oxygen, become electri- 
cally conductive at elevated temperatures due to the 
mobility of oxygen ions within the crystal lattice. Thus by 
passing an electrical current through a membrane of 
such ceramic materials, whilst a supply gas containing 
oxygen is supplied to one face of the membrane, oxygen 
in the supply gas diffuses through the membrane by ion- 
ic transport when the membrane is at a required elevat- 
ed temperature, and may be recovered for use from the 
other face of the membrane. 

[0006] A COG has advantages in that the product gas 
may comprise 100% oxygen, and the oxygen may be 
generated at pressure so that there is a lesser require- 
ment to pressurise the product gas for use, as can be 
the case with a MSOGS for example. 
[0007] It has been found that with known COG tech- 
nologies, a COG operates more efficiently when the 
supply gas is richer in product gas. Thus for example, a 
COG will operate relatively inefficiently when used to 



separate oxygen at a concentration of about 21%, from 
supply gas comprising air, than where the supply gas 
has a greater concentration of oxygen than this. 
[0008] MSOGS, permeable membrane oxygen gen- 

s erating devices and COGS have been put to use to gen- 
erate oxygen on-board an aircraft and devices which op- 
erate according to such technologies will generically be 
referred to hereinafter as OBOG (on-board oxygen gen- 
erating) devices. In order for the oxygen generated by 

10 such OBOG devices to be usable e.g. for breathing by 
an aircrew, the oxygen needs to be in a pressurised 
state. In OBOG devices in which oxygen gas cannot be 
produced at sufficient pressure, it is a requirement to 
provide some gas compression means. 

15 [0009] It is also a requirement in an aircraft for an inert 
gas, such as nitrogen to be provided to the aircraft fuel 
tanks to fill voids in the fuel tanks both to maintain a de- 
sired pressure on the fuel and to replace fuel as the fuel 
is used, as well as to minimise the risk of fire/explosion 

20 in the fuel tanks. Conventionally such inert gas has com- 
prised predominantly nitrogen with a concentration of 
oxygen of 9% or less. Such gas has been provided from 
storage tanks of compressed nitrogen in the aircraft al- 
though it is known to provide an on-board inert gas gen- 

25 erator (OBIGG) device of the molecular sieve bed or 
permeable membrane type to generate such nitrogen 
from air. 

[0010] In a high performance aircraft particularly, but 
not exclusively, great efforts are made to reduce weight 

30 to a minimum as well as of course to save space and 
ensure reliability whilst presenting a minimum mainte- 
nance burden. It will be appreciated that the provision 
of compression equipment and gas storage tanks is 
therefore undesirable. 

35 [0011] In US Patent 4681602 there is proposed a sys- 
tem which utilises molecular sieve bed and/or permea- 
ble membrane technology, to produce first, oxygen for 
use for breathing by an aircrew, and second, nitrogen 
for use as an inert environment in the fuel tanks of an 

40 aircraft. Thus the requirement to provide storage tanks 
for compressed oxygen and/or nitrogen is avoided. 
However such system still requires the provision of com- 
pressors, and for both the oxygen, in order that the ox- 
ygen can be delivered at an appropriate pressure for 

45 breathing, and for the nitrogen. Also, the concentration 
of oxygen which can be produced is restricted by virtue 
of the nature of the conventional OBOG device technol- 
ogy which is used. 

[0012] According to a first aspect of the invention we 
50 provide a gas generating system for generating a supply 
of oxygen or oxygen rich gas, and a residual gas, the 
system including a first gas separation device for sepa- 
rating from a supply gas, first gas being oxygen enriched 
gas, to leave residual gas, means to provide the first 
55 oxygen enriched gas from the first gas separation de- 
vice to a second gas separation device for further 
separating from the first oxygen enriched gas, oxygen 
gas, the second gas separation device generating prod- 
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uct gas which is at least highly oxygen enriched and fur- 
ther residual gas, at least one of the first and second 
gas separating devices including a ceramic membrane 
through which in use gas, ions diffuse. 
[001 3] Where the ceramic membrane device is an ox- 
ygen producing device, the present invention provides 
the advantage that at least highly oxygen enriched prod- 
uct gas, which may be 100% or substantially 100% ox- 
ygen, is produced, but whether the ceramic membrane 
device is an oxygen producing or inert gas producing 
device, less or no gas compression before use is re- 
quired compared with for example, oxygen enriched 
product gas from more conventional e.g. MSOG device 
or permeable membrane technologies, because by the 
nature of a COG device, the product gas is pressurised 
by the electrical energy which causes the gaseous ions 
to diffuse through the ceramic membrane. 
[001 4] Thus improved quality product gas is provided, 
and the use of compressors to compress the product 
gas may be lessened or avoided altogether. 
[0015] Typically the residual gas generated by the first 
and second gas separation devices is generally inert i. 
e. where the supply gas is air, the residual gas will com- 
prise predominantly nitrogen. Means may be provided 
to feed residual gas from at least one of the first and 
second gas separation devices for use as an inert envi- 
ronment. 

[0016] Preferably residual gas from the gas separa- 
tion device having the ceramic membrane is fed for use 
as an inert atmosphere. Thus in the event that the other 
gas separation device is a MSOG device for example, 
residual gas from that gas separation device may simply 
be exhausted. Thus the efficiency of operation of the 
MSOG device is not compromised as can occur where 
the there is any resistance to the outflow of residual gas 
from the MSOG. Of course where both the gas separa- 
tion devices are COG devices, residual gas from both 
gas separation devices may be put to use as an inert 
atmosphere. 

[0017] Where the invention is applied to aircraft use 
the residual gas may be fed to provide an inert atmos- 
phere in a fuel tank of the aircraft. 
[001 8] Where the first and second gas separation de- 
vices are of different kinds, preferably the second gas 
separation device is of the kind having a ceramic mem- 
brane. The first gas separation device may thus be a 
pressure swing molecular sieve bed type device and/or 
a permeable membrane device for examples. Thus the 
COG device will be supplied with oxygen enriched gas 
from the first gas separation device and will operate 
most efficiently. 

[0019] In one embodiment the system may include a 
third gas separation device downstream of the first gas 
separation device and upstream of the second gas sep- 
aration device, the third gas separation device receiving 
first oxygen enriched gas from the first gas separation 
device and further separating from the first oxygen en- 
riched gas, oxygen gas, to produce a highly oxygen en- 



riched gas supply, the highly oxygen enriched gas sup- 
ply being divided into a first supply for first use, and a 
second supply which is fed to the second gas separation 
device which is of the ceramic membrane kind. 

s [0020] The first use may be for example for normal 
breathing where a less oxygen rich gas is acceptable. 
The product gas from the second gas separation may 
thus be virtually 1 00% oxygen and may be used where 
a very pure oxygen supply is required e.g. to replenish 

10 an emergency oxygen supply for use in the event of a 
system failure or other malfunction resulting in the usual 
oxygen breathing supply being unavailable or inade- 
quate. 

[0021] In another embodiment the first, oxygen en- 
's riched gas from the first gas separation device is divided 
into a first supply which is fed to a third gas separation 
device which separates residual gas from the first oxy- 
gen enriched gas and a second supply which is fed to 
the second gas separation device. 
[0022] In this case, the residual gas from the third gas 
separation device may be generally inert and may be 
fed for use as an inert atmosphere. 
[0023] Where a third gas separation device is provid- 
ed this may be of the pressure swing molecular sieve 
kind and/or the gas permeable membrane kind and/or 
the ceramic membrane kind as desired, but preferably 
the second gas separation device at least is of the ce- 
ramic membrane kind having a ceramic membrane 
through which in use oxygen ions diffuse, so that the 
product highly oxygen enriched gas from the second 
gas separation device may be fed to a storage means 
as used as an emergency or back-up supply e.g. in the 
event of system malfunction. 

[0024] It will be appreciated that in a system according 
to the first aspect of the invention there is a minimal re- 
quirement for the provision of any means to pressurise 
either the oxygen rich or inert gases for use, due to the 
use of the COG device. Avoidance of compressors and 
the like compared to the arrangement in US Patent 
4681 602 may otherwise be achieved, with or without the 
use of COG technology. 

[0025] According to a second aspect of the invention 
we provide an aircraft having a gas generating system 
according to the first aspect of the invention. 
[0026] The invention will now be described with refer- 
ence to the accompanying drawing which:- 

FIGURE 1 is a purely diagrammatic illustration of a 
first embodiment of a gas generating device in ac- 
cordance with the invention; 
FIGURE 2 is a purely diagrammatic illustration of a 
second embodiment of a gas generating device in 
accordance with the invention; 
FIGURE 3 is a purely diagrammatic illustration of a 
third embodiment of a gas generating device in ac- 
cordance with the invention; 
FIGURE 4 is a purely diagrammatic illustration of a 
fourth embodiment of a gas generating device in ac- 
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cordance with the invention; 
FIGURE 5 is a purely diagrammatic illustration of a 
fifth embodiment of a gas generating device in ac- 
cordance with the invention. 

[0027] Referring to figure 1 of the drawings there is 
shown a gas generating system 10 in accordance with 
the present invention for use in an aircraft, the system 
10 comprising a first gas separating device 11 which re- 
ceives supply gas from an inlet 12. The supply gas may 
be ambient air from an uncompressed compartment of 
an aircraft, or engine bleed air for examples, but in each 
case the supply gas will be a mixture of gases including 
oxygen, and where the supply gas is air, nitrogen too. 
[0028] The air or other supply gas may be pressu- 
rised, but where this is not so, a fan or the like may be 
required to impel the supply gas from the inlet 12, into 
the first gas separation device 11. 
[0029] The first gas separation device 11 in this ex- 
ample, may be an OBOG device being a molecular 
sieve bed device, having usually a plurality of molecular 
sieve beds operated cyclically, whereby, depending on 
the pressure in the beds, predominantly nitrogen in the 
supply gas is adsorbed by e.g. zeolite or other molecular 
sieve bed material so that a first, product, gas being ox- 
ygen enriched gas, is generated, or nitrogen is purged 
from the bed material as a residual gas. 
[0030] Because the first gas separation device 11 
comprises a plurality of beds operated cyclically, a sup- 
ply of first oxygen enriched gas, and a steady stream of 
residual gas is produced. 

[0031] The first oxygen enriched gas is fed along a 
first feed line 14 from the first gas separation device 11 , 
and the residual gas is fed to a second feed line 1 5 from 
where the residual gas may be exhausted or put to use 
as hereinafter explained. 

[0032] The first oxygen enriched gas is fed along the 
first feed line 14 to a second gas separation device 18 
which comprises a ceramic membrane type oxygen sep- 
aration device. If necessary to ensure an adequate sup- 
ply of the first oxygen rich gas to the second gas sepa- 
ration device 18 as the first gas separation device 11 
cycles, a reservoir R may be provided in the first feed 
line 14. 

[0033] The construction and operation of the ceramic 
membrane type second gas separation device 18 may 
vary depending on the requirements of the system 10. 
A detailed description of the construction and operation 
of a ceramic membrane type gas separation device 18 
is not essential for realising the invention. Suffice it to 
say that such a ceramic membrane oxygen generating 
device 18 (COG) operates on the principle that certain 
ceramic materials, ( e.g. Cerium Gadolinium Oxide 
(CGO) coated on both sides with an electrode made of 
Lanthanum Strontium Cobalt Ferrite (LSCF) to form a 
membrane) which are ionic conductors of oxygen, be- 
come electrically conductive at elevated temperatures 
due to the mobility of oxygen ions within the crystal lat- 



tice. Thus by passing an electrical current through a 
membrane of such ceramic materials, whilst a supply 
gas containing oxygen is supplied to one face of the 
membrane, oxygen in the supply gas diffuses through 

s the membrane by ionic transport when the membrane 
is at a required elevated temperature, and may be re- 
covered for use from the other face of the membrane. 
[0034] A ceramic membrane type device which has a 
membrane through which other gaseous ions diffuse 

10 may be similarly constructed but use different ceramic 
materials. Thus A ceramic inert gas generator (CIGG) 
device may similarly be provided. 
[0035] A fuller description of an example of a ceramic 
membrane type gas separation device is given in for ex- 
's ample our previous International patent application pub- 
lished on the 2 February 1 997 under publication number 
W097/07053 to which reference is to be made. 
[0036] Returning to the figure 11 of the drawing of this 
application, in the example shown, oxygen thus gener- 

20 ated by the second gas separation device 1 8, which may 
be 100% pure oxygen, is fed to a product gas line 20 
from where it may be used for breathing by an aircrew. 
By the nature of the ceramic membrane oxygen gener- 
ating device 18, the oxygen generated is at pressure 

25 and so there may be no requirement to pressurise the 
oxygen prior to use, or at least no requirement to pres- 
surise the oxygen to the extent required in the case of 
oxygen enriched gas produced by a conventional pres- 
sure swing molecular sieve bed or gas permeable mem- 

30 brane type gas separation device. 

[0037] The residual gas from the first gas separation 
device 11 is predominantly nitrogen and is fed along the 
second feed line 15. At least a portion of the residual 
gas from line 15 may be put to use as an inert atmos- 

35 phere in fuel tanks 19 of the aircraft. In dotted lines in 
the drawing there is shown a feed line 22 from line 15 
to the fuel tanks 19, Where the first gas separation de- 
vice 11 is a MSOG device though, preferably the resid- 
ual gas is exhausted so as not to impose any resistance 

40 on the flow of residual gas from the device which could 
affect the efficiency and operation of the MSOG device 
11. 

[0038] Residual gas which is continually produced by 
the second gas separation device 18 and will be gener- 

45 ally at the pressure of the first oxygen rich gas compo- 
nent provided by the first oxygen generation device 11 
along line 14, is however readily available to replace fuel 
which is used up out of the tanks 1 9, and is fed to the 
tanks 1 9 by a feed line 21 . If required, the residual gas 

50 from the COG device 1 8 may be pressu rised so that the 
fuel in the tanks 1 9 is kept at a constant pressure. 
[0039] Although as described, the first gas separation 
device 11 is an OBOG device, it will be appreciated that 
the device 11 could alternatively be an OBIGG device. 

55 in both cases the supply gas from inlet 12 will be sepa- 
rated into oxygen rich and oxygen depleted gas compo- 
nents, but it will be the oxygen rich gas component in 
the example described which will be provided to the sec- 
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ond gas separation device 18. 

[0040] Further alternatively, although the OBOG or 
OBIGG device is preferably a MSOG or MSIGG device, 
alternatively the first device 11 may be a permeable 
membrane device or even a ceramic membrane device 
(COG or CIGG device - ceramic inert gas generator de- 
vice). 

[0041] Although it is preferred that the second gas 
separation device 18 is a COG or CIGG device, this 
could be a MSOG or permeable membrane type device, 
and the first gas separation device 11 a COG or CIGG 
device, although the arrangement described is pre- 
ferred. 

[0042] Figure 3 shows a variation on the figure 1 em- 
bodiment and similar parts are labelled with the same 
reference numerals. 

[0043] In this modification, the first oxygen enriched 
gas from the first gas separation device 11 along line 14 
is divided into a supply 25 for breathing use, and a sup- 
ply to the second gas separation device 1 8. The second 
gas separation device 1 8 may be of relatively small ca- 
pacity, but is able to generate highly enriched or virtually 
100% oxygen product gas which is fed along product 
gas line 20 for use in filling and replenishing an emer- 
gency or back-up oxygen supply 26 
[0044] Referring now to figure 4, there is shown an- 
other variation on the system 10 of figure 1 and thus 
again, similar parts are labelled with the same reference 
numerals. 

[0045] In this modification, a third gas separation de- 
vice 30 is provided between the first gas separation de- 
vice 11 , which in this example is an OBIGG device, and 
the second gas separation device 18 which in this ex- 
ample is a relatively small capacity COG device. Be- 
cause the first gas separation device 11 is an OBIGG 
device, it produces predominantly nitrogen gas which is 
fed along a line 15 for use in providing an inert atmos- 
phere in aircraft fuel tanks 19. 

[0046] Oxygen rich gas component from the OBIGG 
device 11 may not be sufficiently pure for breathing use 
and accordingly the third gas separation device 30 is 
required further to separate oxygen from the first oxygen 
rich gas from the OBIGG device 11 . 
[0047] The resultant more oxygen enriched gas sup- 
ply from the third gas separation device 30 is then divid- 
ed, as with the first product gas in line 14 of the figure 3 
modification, to provide an supply of normally breatha- 
ble oxygen rich gas along a feed line 25, and a supply 
of oxygen rich gas to the second gas separation device 
18 which in this arrangement is a small capacity COG 
device, which delivers product gas along a line 20 for 
use in for example ; filling and/or replenishing an emer- 
gency or back-up oxygen supply 26. 
[0048] Residual nitrogen rich gas from the third gas 
separation device 30 may be fed therefrom along a line 
33 to exhaust and/or for use in e.g. providing an inert 
atmosphere in the tanks 19 in addition to or instead of 
the inert gas supply along line 15 from the OBIGG de- 



vice 11 . 

[0049] Residual gas from the second gas separation 
device 18 may be exhausted along line 21 and/or fed to 
the tanks 1 9 or otherwise put to use as desired. 

s [0050] The arrangement of figure 5 also utilises athird 
gas separation device 30 which in the example shown 
may be an OBIGG device, whilst the first gas separation 
device 11 is in this example an OBOG device, e.g. a 
MSOG device. Because in general an MSOG device 

10 when efficiently producing oxygen rich gas up to 95% 
oxygen, produces residual gas which although predom- 
inantly is nitrogen can contain greater than about 9% 
oxygen, the residual gas is not readily usable as an inert 
atmosphere. Thus in this arrangement, the residual gas 

15 from the first gas separation device 11 is simply exhaust- 
ed along line 15. 

[0051] The oxygen rich gas component produced by 
the first gas separation device 11 is divided into a first 
supply which is fed to the third gas separation device 30 

20 along a line 1 4a, and the nitrogen produced by the third 
gas separation device 30 is fed along line 21 for use as 
an inert atmosphere, whilst the oxygen rich gas compo- 
nent from the third gas separation device 30 is prefera- 
bly simply exhausted along a line 35, but could be fed 

25 to a yet further gas separation device 36, which is pref- 
erably a COG device, in order to purify the oxygen gas 
component e.g. for the back-up or emergency supply 
26. 

[0052] The second of the divided supplies from the 

30 first gas separation device 11 is fed along a line 14 to 
the second gas separation device 18 which in this ex- 
ample is a COG device for producing a highly oxygen 
enriched or virtually 100% pure oxygen product gas for 
feeding along line 20 for use in breathing and/or to fill 

35 and/or replenish an emergency or back-up supply 26. 
[0053] In the figure 5 arrangement, where there is pro- 
vided a gas separation device a shown in dotted lines 
at 36, this could comprise a second gas separation de- 
vice of the system of the invention in which case the gas 

40 separation device shown at 18 which receives the sec- 
ond of the divided supply of oxygen enriched gas from 
the first gas separator device 1 1 , could be omitted. 
[0054] Figure 2 shows an arrangement which is es- 
sentially similar to that of figure 1 , but the first gas sep- 

45 aration device 11 is an OBOG device, and the second 
gas separation device 18 is an OBIGG, the OBOG 11 
and/or the OBIGG 1 8 providing oxygen rich gas compo- 
nent e.g. for breathing use, and the OBIGG 18 providing 
a nitrogen supply along line 21 for an inert atmosphere 

50 in fuel tanks 1 9 of the aircraft. At least one of the OBOG 
1 1 and OBI GG 1 8 devices is a ceramic membrane COG/ 
CIGG device. 

[0055] In each of the embodiments described a ce- 
ramic membrane type device is provided which enables 
55 the requirement for a compressor or other gas pressur- 
isation means particularly for product gas to be reduced 
or even avoided altogether. 

[0056] Although the invention has been described 
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particularly in relation to a gas generation system 1 0 for 
use on-board an aircraft, the invention may be utilised 
in another applications, but in any event, residual gas 
from the first 11 and/or second gas separation device 

18 may not be put to use as an inert atmosphere for fuel s 

19 , but may otherwise be used or simply exhausted. 
[0057] The features disclosed in the foregoing de- 
scription, or the following claims, or the accompanying 
drawings, expressed in their specific forms or in terms 

of a means for performing the disclosed function, or a 10 
method or process for attaining the disclosed result, as 
appropriate, may, separately or in any combination of 
such features, be utilised for realising the invention in 
diverse forms thereof. 



Claims 

1 . A gas generating system (1 0) for generating a sup- 
ply of oxygen or oxygen rich gas and a residual gas, 20 
the system (10) including a first gas separation de- 
vice (11 ) for separating from a supply gas (1 2), first 
gas being oxygen enriched gas, to leave residual 
gas, means to provide the first oxygen enriched gas 
from the first gas separation device (11 ) to a second 25 
gas separation device (18) for further separating 
from the first oxygen enriched gas, oxygen gas, the 
second gas separation device (1 8) generating prod- 
uct gas which is at least highly oxygen enriched and 
further residual gas, at least one of the first (11) and 30 
second (1 8) gas separating devices including a ce- 
ramic membrane through which in use gas ions dif- 
fuse. 

2. A system according to claim 1 characterised in that 35 
the residual gas generated by the first and second 
gas separation devices (11,18) is generally inert, 
means (15,21,22) being provided to feed residual 
gas from at least one of the first and second gas 
separation devices (11,18) for use as an inert at- 40 
mosphere. 

3. A system according to claim 2 characterised in that 
residual gas from the gas separation device (11 or 

1 8) having the ceramic membrane is fed for use as 45 
an inert atmosphere. 



6. A system according to any one of the preceding 
claims characterised in that the system (10) in- 
cludes a third gas separation device (38) down- 
stream of the first gas separation device (11) and 
upstream of the second gas separation device (1 8), 
the third gas separation device (30) receiving first 
oxygen enriched gas from the first gas separation 
device (11 ) and further separating from the first ox- 
ygen enriched gas, oxygen gas, to produce at least 
a highly oxygen enriched gas supply, the highly ox- 
ygen enriched gas supply being divided into a first 
supply (25) for first use, and a second supply (14) 
which is fed to the second gas separation device 
(18) which is of the ceramic membrane kind. 

7. A system according to any one of claims 1 to 6 char- 
acterised in that the first oxygen enriched gas from 
the first gas separation device (11) is divided into a 
first supply (1 4a) which is fed to a third gas separa- 
tion device (30) which separates residual gas from 
the first oxygen enriched gas, and a second supply 
(14) which is fed to the second gas separation de- 
vice (18). 

8. A system according to claim 7 characterised in that 
the residual gas from the third gas separation de- 
vice (30) is generally inert and is fed for use as an 
inert atmosphere. 

9. A system according to any one of claims 6 to 8 char- 
acterised in that the third gas separation device (30) 
is of the pressure swing molecular sieve kind and/ 
or the gas permeable membrane kind and'orthe ce- 
ramic membrane kind. 

10. A system according to any one of claims 6 to 9 char- 
acterised in that the second gas separation device 
(18) is of the ceramic membrane kind having a ce- 
ramic membrane through which in use oxygen ions 
diffuse, and the at least highly enriched oxygen gas 
from the second gas separation device (18) is fed 
to a storage means (26). 

11. A system according to claim 10 characterised in that 
the storage means (26) is for use as an emergency 
supply. 
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4. A system according to claim 2 or claim 3 character- 
ised in that the system is provided in an aircraft, and 

the residual gas is fed to provide an inert atmos- 50 
phere in a fuel tank (1 9) of the aircraft. 

5. A system according to any one of claims 1 to 4 char- 
acterised in that the second gas separation device 
(18) is of the kind having a ceramic membrane and 55 
the first gas separation device (11) is a pressure 
swing molecular sieve bed type device and/or a per- 
meable membrane device. 



12. An aircraft having a gas generating system accord- 
ing to any one of the preceding claims. 
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